Hydrothermal reactions of (E)-4-(2-(1H-imidazol-4-yl)vinyl)benzoic acid (HL) with Cd(II) and Mn(II) salts yield the complexes [Cd(L) 2 ] (1) and [Mn(L) 2 ] (2), which have been characterized by single-crystal and powder X-ray diffraction, IR spectroscopy, and elemental and thermogravimetric analyses. Complexes 1 and 2 are isomorphous and isostructural, displaying an uninodal 4-connected 8-fold interpenetrating 3D dia framework architecture with (6 6 ) topology. These frameworks exhibit high thermal stability up to 400 • C. The luminescence and non-linear optical (NLO) properties were investigated.
Introduction
Recently, the design and assembly of metal-organic frameworks (MOFs) have attracted increasing attention in the field of supramolecular coordination chemistry and crystal engineering due to their intriguing architectures and potential applications as functional materials [1 -5] . Current efforts have been focused on the exploration of such hybrid materials with interesting topologies and multifunctional properties, such as catalytic, absorbent, magnetic and electric, and fluorescence and nonlinear optical (NLO) effects [6 -10] . It is well-known that functional properties of complexes are largely dependent on the nature of the metal centers and bridging ligands, and their architectures. For example, Mn(II), Co(II), Ni(II), and Cu(II) etc. could be bridged by ligands to form polynuclear subunits which may mediate magnetic interactions [11] ; complexes containing metal centers with d 10 electron configuration, such as Zn(II) and Cd(II), may exhibit excellent luminescence properties [12] ; moreover, when complexes crystallize in an acentric space group, as it may be induced by an asymmetric ligand such as 4-(pyridin-4-yl)benzonitrile, then the non-centrosymmetric structure may show secondorder non-linear optical (NLO) effects [13] . Consequently, the construction of MOFs has become one of the main aims of crystal engineering in coordination chemistry [14 -16] . Undoubtedly, the selection of suitable ligands and metal salts plays a crucial role in the formation of complexes.
In the present work, the ligand (E)-4-(2-(1H-imidazol-4-yl)vinyl)benzoic acid (HL) was employed as an organic building block for new frameworks. The HL ligand has several remarkable features: (1) its rigid skeleton can reduce the coordination uncertainty and may favor the assembly of polymers with high stability; (2) its asymmetry may induce noncentrosymmetric structures of complexes which show NLO properties; (3) the 1H-imidazol-4-yl group can be deprotonated to give imidazolate ligands which are adaptive building units, as demonstrated by zeolitic imidazolate framework (ZIF) materials [17] ; (4) its extended molecular structure tends to form entangled architectures. We report herein the synthesis and characterization of two new coordination polymers, [Cd(L) 2 ] (1) and [Mn(L) 2 ] (2). Their luminescence and nonlinear optical (NLO) properties were also investigated.
Results and Discussion

Preparation
The hydrothermal reactions of Cd(II) and Mn(II) salts with HL at 180 • C in the presence of KOH yield two new complexes: [Cd(L) 2 ] (1) and [Mn(L) 2 ] (2), which are stable in air.
Crystal and molecular structure of [Cd(L) 2 ] (1)
Determination of the structures of 1 and 2 by X-ray crystallography has revealed similar crystal and molecular dimensions. Both complexes crystallize in the orthorhombic space group Aba2 with Z = 4 ( Table 1) . Apart from the same crystal system and space group, complexes 1 and 2 exhibit very similar cell parameters (Table 1) and atom coordinates, which indicate that 1 and 2 are isomorphous and isostructural except slight difference in bond lengths and bond angles (Table 2) . Therefore, only the structure of 1 is discussed in detail here. Table 1 . Crystal structure data and numbers pertinent to data collection and structure refinement of 1 and 2.
57.74 (7) a Symmetry transformations used to generate equivalent atoms: for 1: Complex 1 shows a 3D entangled architecture containing eight interpenetrating 3D frameworks. The carboxylic group of the HL ligand is deprotonated to leave the L − anion, as confirmed by the absence of vibration bands at 1690 -1730 cm −1 in the IR spectrum (see Experimental Section). The asymmetric unit consists of one Cd atom with occupancy of 0.5 and one L − ligand. Its coordination environment is shown in Fig. 1a together with the atom numbering scheme. Cd1 is sixcoordinated with distorted octahedral geometry by four (Fig. 1b) . Using topology to analyze the structure, each Cd(II) could be regarded as a 4-connector node, and each L − ligand as 2-connector node simplified as a linear bridge, and thus, the 3D framework in 1 could be simplified as an uninodal 4-connected 3D dia network with (6 6 ) topology (Fig. 1c) [18] . The extended point symbol is [6(2).6(2).6(2).6(2).6(2).6(2)]. Interestingly, there are eight interpenetrating frameworks in the structure of 1 (Fig. 1d) .
Crystal and molecular structure of [Mn(L) 2 ] (2)
Complex 2 also crystallizes in the orthorhombic system with space group Aba2 (Table 1) . Each Mn(II) center in 2 is six-coordinated by two N atoms and four O atoms and exists in the high-spin configuration (g = 2, S = 5/2) as deduced from the magnetic moment (µ eff = 5.98 µ B ) which has been determined with a Gouy magnetic balance at room temperature. The coordinative bond lengths around Mn(II) are in the range of 2.156(3) -2.252(2)Å (Table 2) , which is comparable to reported values for high-spin Mn(II) [19 -22] .
PXRD and thermal stability of complexes 1 and 2
The phase purity of 1 and 2 could be proven by powder X-ray diffraction (PXRD) measurements. As shown in Fig. 2 , each PXRD pattern of the assynthesized sample is consistent with the simulated one.
Thermogravimetric analyses (TGA) were carried out for complexes 1 -2, and the results are shown in Fig. 3 . No obvious weight loss can be observed before the decomposition of the frameworks at 400 • C for 1 and 432 • C for 2, proving high thermal stability and confirming the absence of solvent in their structure.
Non-linear optical properties
It is known that non-centrosymmetric structures may exhibit second-order non-linear optical (NLO) effects [23, 24] . Therefore, the optical properties of 1 and 2 were investigated to evaluate their potential application as second-order NLO materials. Approximate es- timations were carried out with a pulsed Q-switched Nd:YAG laser at a wavelength of 1064 nm. The result obtained from a powdered sample (80 -150 µm diameters) in the form of a pellet (Kurtz powder test) was compared with that obtained for urea. The preliminary experimental results revealed that complexes 1 and 2 exhibit strong powder SHG intensity compared to that for urea, the response being 1.4 and 1.2 times, respectively.
Luminescence properties
Previous studies have shown that coordination compounds containing d 10 metal centers such as Cd(II) may exhibit excellent luminescence properties and have potential applications as photoactive materials [25, 26] . Therefore, the luminescence of complex 1 and the HL ligand has been investigated in the solid state at room temperature. As shown in Fig. 4 , intensive fluorescence can be observed with emission bands at 449 nm (λ ex = 378 nm) for 1 and at 535 nm (λ ex = 411 nm) for HL. This fluorescence may be tentatively assigned to intra-ligand transitions of the coordinated L − ligands, since a similar emission is observed for the free HL [25, 26] . The observed blue shift of the emission maximum for 1 vs. that of HL may be considered to originate from the deprotonation and the metal coordination of the ligand L − [27, 28] .
Conclusion
(E)-4-(2-(1H-Imidazol-4-yl)vinyl)benzoic acid (HL) reacts with cadmium and manganese salts under hydrothermal conditions to provide the two complexes [Cd(L) 2 ] (1) and [Mn(L) 2 ] (2). Complexes 1 and 2 are isomorphous and isostructural, displaying an uninodal 4-connected 8-fold interpenetrating 3D dia framework architecture with (6 6 ) topology. The frameworks of 1 and 2 exhibit high thermal stability up to 400 • C and exhibit strong non-linear optical (NLO) properties; complex 1 also shows intense fluorescence.
Experimental Section
All commercially available chemicals were of reagent grade and were used as received without further purification. A slightly revised experimental procedure was used to synthesize the HL ligand [29] . Elemental analyses of C, H, and N were taken on a Perkin-Elmer 240C elemental analyzer. Infrared spectra (IR) were recorded on a Bruker Vector22 FT-IR spectrophotometer by using KBr pellets. Thermogravimetric analysis (TGA) was performed on a simultaneous SDT 2960 thermal analyzer under nitrogen atmosphere with a heating rate of 10 • C min −1 . Powder X-ray diffraction (PXRD) patterns were measured on a Shimadzu XRD-6000 X-ray diffractometer with Cu K α (λ = 1.5418Å) radiation at room temperature. The second-order non-linear optical (NLO) intensity was estimated by measuring a powder sample of 80 -150 µm diameter in the form of a pellet relative to urea. A pulsed Q-switched Nd:YAG laser with a wavelength of 1064 nm was used to generate a secondharmonic-generation (SHG) signal from powder samples. The backscattered SHG light was collected by a spherical concave mirror and passed through a filter that transmits only 532 nm radiation. The luminescence spectra for the powdered solid samples were measured on an Aminco Bowman Series 2 spectrofluorometer with a xenon arc lamp as the light source. In the measurements of emission and excitation spectra the pass width was 5 nm, and all measurements were carried out under the same experimental conditions.
Preparation of [Cd(L) 2 ] (1)
A mixture of Cd(NO 3 
X-Ray structure determinations
The crystallographic data collections for complexes 1 and 2 were carried out on a Bruker Smart Apex CCD areadetector diffractometer using graphite-monochromatized Mo K α radiation (λ = 0.71073Å) at 293(2) K. The diffraction data were integrated by using the program SAINT [30] , which was also used for the corrections of decay and of Lorentz and polarization effects. Semi-empirical absorption corrections were applied using the program SADABS [31] . The structures of 1 and 2 were solved by Direct Methods, and all non-hydrogen atoms were refined anisotropically on F 2 by the full-matrix least-squares technique using the SHELXS/L-97 crystallographic software package [32, 33] . All hydrogen atoms at C atoms were generated geometrically, while the hydrogen atoms at N12 in 1 and 2 could be located at reasonable positions in difference Fourier maps. The crystal data and details of data collection and structure refinement for both complexes are summarized in Table 1 , selected bond lengths and angles are listed in Table 2 .
CCDC 894698 and 894699 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
